OBJECTIVES: To evaluate the prevalence of the metabolic syndrome in a sample population from northwest China, and to determine the optimal cut-off point for waist circumference for diagnosing the metabolic syndrome in this population.
Introduction
The metabolic syndrome is a collection of inter-related risk factors for cardiovascular disease and diabetes mellitus, which has a significant relationship with the morbidity and mortality associated with diabetes, cardiovascular disease and kidney disease. 1 Previous studies have shown that morbidity associated with coronary heart disease and vascular disease is three times higher, and mortality is 5 -6 times higher, in patients with the metabolic syndrome than in those without. 2, 3 Chinese and Japanese patients with the metabolic syndrome are 3 -10 times more likely to develop cardiovascular disease compared with those who do not have this syndrome. 4 Cardiovascular disease morbidity is increasing in developing countries 5 and the metabolic syndrome has become one of the most serious health problems worldwide. 6 In the last 20 years, the prevalence of the metabolic syndrome has profoundly increased in China. 7 According to a 2004 survey, the prevalence was 14 -16% for those aged > 20 years, and the morbidity and a S-L Li and Q Yang contributed equally to this work. Prevalence of the metabolic syndrome in northwest China mortality associated with this condition are likely to rise in future. 7 There are several criteria for the diagnosis of the metabolic syndrome. These include the World Health Organization (WHO), 8 The WHO, 8 NCEP-ATPIII 1 and IDF 11 remain the three most widely used diagnostic criteria for identifying the metabolic syndrome.
The Yan-an region of northwest China is located in the middle reach of the Yellow River and Loess Plateau. The economy of the region has grown rapidly and continuously in the recent past, resulting in an increase in the standard of living. As a result, metabolic diseases have become more common and the prevalence of chronic diseases (such as diabetes, coronary heart disease and hypertension) is increasing. 5 -7 The prevalence of the metabolic syndrome in this region is unknown, however. This study used CDS, 7 NCEP-ATPIII 1 and IDF criteria 11 to measure the prevalence of the metabolic syndrome in a representative sample of the population of the Yan-an region of China. The NCEP-ATPIII and IDF criteria were chosen because they are widely used; the CDS was chosen because it is Chinese specific.
Subjects and methods

STUDY POPULATION
The data presented are part of the epidemiological data collected during a national diabetes mellitus prevalence study undertaken by Yang et al. 12 The epidemiological investigation was carried out by the staff (S-L.L., S-Y.L.) of the Department of Endocrinology, The Affiliated Hospital, Medical College of Yan-an  University,  Yan-an,  China,  between  Februrary 2007 and December 2008. A sample of residents living in four representative areas of the Yan-an region were chosen using a cluster randomized sampling method, and a cross-sectional survey was conducted. Subjects aged 20 -74 years were surveyed and divided into five age groups: 20 -29; 30 -39; 40 -49; 50 -59; 60 -74 years old. Only subjects who completed all questionnaires, physical examinations and laboratory tests were included in the analysis.
The Ethics Committee of the Affiliated Hospital, Medical College of Yan-an University, approved the project. Written informed consent was obtained from each participant before data collection.
QUESTIONNAIRE
Study participants completed a face-to-face survey administered by technically trained staff (S-L.L., S-Y.L., Y-L.Z.) using unified questionnaires. 12 The questionnaire recorded information such as age, gender, smoking status, alcohol use, exercise, dietary information, body weight history, together with a medical history of personal and family members' chronic and genetic diseases. Details of the definitions used for the lifestyle questions have been published. 12
PHYSICAL EXAMINATION
A physical examination was performed by medically trained staff (S-L.L., Q.Y., S-Y.L., Y-L.Z.).
The examination included measurement of height, body weight and body mass index (BMI), waist and hip circumference (waist-to-hip ratio), and heart rate and blood pressure. Blood pressure was Prevalence of the metabolic syndrome in northwest China measured twice (consecutively), and the mean systolic and diastolic pressures were calculated.
LABORATORY TESTS
After an 8 -10-h fast, peripheral venous blood samples were collected in tubes containing ethylenediaminetetra-acetic acidpotassium (2 mg/ml whole blood) or no anticoagulant, and stored at 4°C until analysis (with the exception of blood glucose analyses, which were performed immediately). Blood glucose, insulin, triglycerides, total cholesterol, high-density lipo protein, low-density lipoprotein, glutamic oxaloacetic transaminase, glutamic pyruvate transaminase, γ-glutamyl transferase, urea nitrogen and serum creatinine levels were measured using an automated biochemical analyser (AU5400 ® Chemistry System; Beckman Coulter, Tokyo, Japan). An oral glucose tolerance test was performed with 75 g anhydrous glucose, and blood glucose and insulin levels were measured at 0 min, 30 min, 1 h, 2 h, and 3 h post-testing. The AU5400 ® system was calibrated before use.
DIAGNOSIS OF THE METABOLIC SYNDROME
This study used three sets of diagnostic criteria for the metabolic syndrome: NCEP-ATPIII, 1 CDS 7 and IDF. 11 The NCEP-ATPIII criteria define the metabolic syndrome as having at least three of the following: (i) waist circumference > 102 cm for men or > 88 cm for women; (ii) triglycerides ≥ 1.69 mmol/l; (iii) high-density lipoprotein (HDL) < 1.04 mmol/l for men or < 1.29 mmol/l for women; (iv) blood pressure ≥ 130/85 mmHg and/or treatment for hypertension; (v) fasting blood glucose > 6.1 mmol/l. 1 The CDS criteria define the metabolic syndrome as having at least three of the following: (i) BMI ≥ 25.0 kg/m 2 ; (ii) fasting blood glucose > 6.1 mmol/l and/or postprandial blood glucose ≥ 7.8 mmol/l and/or treatment for diabetes; (iii) triglycerides > 1.7 mmol/l and/or HDL < 0.9 mmol/l for men or < 1.0 mmol/l for women; (iv) blood pressure ≥ 140/90 mmHg and/or treatment for hypertension. 7 The IDF criteria define the metabolic syndrome as at least two of the following: (i) triglycerides > 1.7 mmol/l and/or treatment for dyslipidaemia; (ii) HDL < 1.03 mmol/l for men or < 1.3 mmol/l for women and/or treatment for dyslipidaemia; (iii) systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 85 mmHg and/or treatment for hypertension; (iv) fasting blood glucose ≥ 5.6 mmol/l and/or treatment for diabetes. Patients with fasting blood glucose > 5.6 mmol/l are strongly recommended to have an oral glucose tolerance test.
STATISTICAL ANALYSES
Receiver operating characteristic (ROC) curve analysis was used to determine the optimal cut-off point of waist circumference for the diagnosis of the metabolic syndrome. Statistical analyses were performed using the following software: EpiData version 3.0 (The EpiData Association, Odense, Denmark); Excel ® 2003 (Microsoft, Redmond, WA, USA); SPSS ® version 11.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . A P-value < 0.05 was considered statistically significant.
Results
A total of 1381 subjects aged 20 -74 years were sampled (Table 1) . Of these, 1290 (549 men/741 women [42.6/57.4%]) completed the questionnaire, physical examination and laboratory tests, giving a response rate of 93.4%. The mean ± SD age of the participants was 42.91 ± 0.72 years. Prevalence of the metabolic syndrome in northwest China 
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The prevalence of the metabolic syndrome at different ages and according to the diagnostic criteria that were used is shown in Table 2 . Prevalence increased with age, reaching a peak at 50 -59 years old according to the IDF criteria, and at 60 -74 years old according to CDS and NCEP-ATPIII criteria. The IDF criteria resulted in the highest number of diagnoses overall, while the CDS criteria resulted in the highest number of diagnoses in subjects aged ≥ 60 years.
The diagnostic criteria resulted in different prevalence rates for men and women (Table  3 ). Both the IDF and NCEP-ATPIII criteria indicated a higher prevalence of the metabolic syndrome in women than in men, but the CDS criteria produced the opposite result. The number of diagnoses in women was comparable when using the NCEP-ATPIII or CDS criteria, but was much lower than that obtained with the IDF criteria. In men, the IDF and CDS criteria had similar results, diagnosing more cases than the NCEP-ATPIII criteria.
The ROC analysis indicated an optimal cut-off point for waist circumference in the diagnosis of metabolic syndrome of ≥ 86.5 cm in men (sensitivity 72.2%; specificity 71.8%; area under the curve [AUC] 0.787; 95% confidence interval [Cl] 0.747, 0.827) and ≥ 80.5 cm for women (sensitivity 70.1%; specificity 71.7%; AUC 0.797; 95% Cl 0.758, 0.837). When the IDF criteria were adjusted for these optimal waist circumference cut-off values, 344/1290 participants (26.7%) -154/549 men (28.1%) and 190/741 women (25.6%) -were diagnosed with the metabolic syndrome. 
Discussion
The prevalence of the metabolic syndrome increased with age in the current study: a finding in agreement with other national studies. 13 -15 The prevalence of the metabolic syndrome in the Yan-an region was 26.4% (based on the IDF diagnostic criteria 11 ), which was higher than that of China as a whole (14 -16%), 7,16 but closer to the findings of Li et al., 17 who demonstrated a prevalence of 26.7% in southern China. In another study, the prevalence of the metabolic syndrome in northeast China was shown to be 22.4%, 18 which is slightly lower than that of the Yan-an region. Taken together, these findings suggest that the prevalence of the metabolic syndrome varies between different regions of China.
Compared with the NCEP-ATPIII 1 and CDS 7 criteria, the IDF criteria 11 diagnosed more cases of metabolic syndrome overall, which is in accordance with a study undertaken in the USA. 19 This may be due to the stricter criteria for blood triglyceride and blood glucose levels, the lower limit of the hypertension diagnostic criteria, the division of the hypertension diagnostic criteria into systolic and diastolic blood pressure, and the more detailed waist circumference cut-off points, based on race. Most importantly, the IDF criteria do not include BMI but, instead, rely on waist circumference alone. The IDF criteria may be more suitable for Chinese populations, especially those from the northwest of China. 20 The present study found a relationship between the prevalence of the metabolic syndrome and age. The prevalence of the metabolic syndrome increased with age and reached a peak at 60 -74 years old, according to CDS 7 and NCEP-ATPIII 1 criteria, and at 50 -59 years old according to IDF criteria. 11 This may result in increasing morbidity due to chronic diseases, such as hypertension and diabetes, which are components of the metabolic syndrome. The prevalence of the metabolic syndrome decreased in subjects ≥ 60 years old in the current study, when diagnosed according to the IDF criteria. This may be due to factors (some of which remain unknown) that cause the weight of individuals ≥ 60 years old to decrease rapidly. 21 Compared with a study in Chinese adults in Shanghai, 22 the peak age of prevalence in the Yan-an region occurred approximately 10 years earlier based on the IDF criteria, 11 suggesting that attention should be given to public health education in the Yan-an region.
In accordance with the current study, previous reports have indicated a relationship between prevalence of the metabolic syndrome and gender. A study of US adults showed that women had a 57% higher prevalence of metabolic syndrome than men in the African-American population, and a 26% higher prevalence than men in the Mexican-American population. 23 According to the NCEP-ATPIII 1 and IDF 11 criteria, prevalence of the metabolic syndrome was higher in women than in men in the Yan-an region in the present study, but the opposite was observed with the CDS criteria. 7 This may be due to the higher optimal cut-off point for waist circumference in men in the first two criteria, compared with the CDS criteria. When the IDF criteria were adjusted for the optimal cut-off point for waist circumference determined in the current study, the prevalence was lower in women than in men. This result was in accordance with other Chinese findings, but not in agreement with some studies undertaken in other countries, 4,24,25 and may be a characteristic of the Chinese race.
Waist circumference is a valuable component of the definition of the metabolic syndrome. 26 The optimal cut-off point for 
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waist circumference in the diagnosis of the metabolic syndrome was ≥ 86.5 cm for men and ≥ 80.5 cm for women in the northwest Chinese population, which is similar to other Chinese populations. 27, 28 In contrast, research in a Japanese population demonstrated optimal cut-off points for waist circumference of 85 cm in men and 75 cm in women, 29 and 85 cm for men and 80 cm for women were proposed in a Chinese population. 28 We consider that the current study provides the optimal waist circumference cut-off values for the population of northwest China.
In summary, the prevalence of the metabolic syndrome in the Chinese population of the Yan-an region in northwest China was higher than that in other Chinese populations. People living in this region who were diagnosed with the metabolic syndrome were younger than those in other regions, suggesting that they may benefit from lifestyle education. The IDF diagnostic criteria may be most accurate for use in the population of northwest China, using an optimal cut-off point for waist circumference of ≥ 86.5 cm for men and ≥ 80.5 cm for women.
